Abstract:: The addition of bis(pinacolato)diboron (1) to 1,3-dienes was achieved in the presence of platinum (0) Recently, we have found that the addition of bis(pinacolato)diboron (1) to alkynes to give cis-bis(boryl)alkenes is effectively catalyzed by platinum(0) complex.7
to bis-allylboronates (3 and 4) via the addition of diboron (1) to 1,3-dienes (eqs. 1 and 2).
When isoprene (2b) (1.5 equiv) was allowed to react with 1 (1.0 equiv) at 80 ｡ C for 4 h in the presence of 3 mol% of Pt(PPh3)4 in DMF, the 1:1 adduct (3b) was obtained in a yield of 57% as the sole product. The use of toluene in place of DMF accelerated the addition rate improving the yield to 78% (eq 1). 1H NMR spectra exhibited a doublet at 1.59 ppm (=CHCH2) and a singlet at 1.65 ppm (=CMeCH2) indicating the formation of 1,4-addition product as a single isomer. The (Z)-conformation with an isomeric purity over 99% was immediately established by the presence of one vinylic proton at 5.23 ppm and an NOE (5.0%) between the vinylic proton and the methyl protons at 1.73 ppm. Similar reaction with 1,3-butadiene gave a 1,4-addition product (3a), a GC analysis revealing the formation of a single compound with high yield, but the isolation was somewhat troublesome. The product was rather unstable partially decomposing during the distillation, presumably due to the decomposition catalyzed by the platinum residue.
However, the quick trap-to-trap distillation within 5 min allowed the isolation of almost pure 3a in a 89% yield.
insert Eq 1 Quite interestingly, the change of the catalyst resulted in dimerization of diene during the addition of the diboron. The addition of 1 to isoprene (1.5 equivs) at 80 ｡C in toluene afforded a 1:2 adduct (4) (37%) together with a 1:1 adduct (3b) (ca. 20%) when using Pt(dba)2 as a catalyst. Although the reaction with a phosphine-based platinum catalyst was very slow at room temperature, Pt(dba)2 exhibited high catalytic activity readily undergoing even at room temperature to yield 57% of 4 and ca. 6% of 3b. Finally, a 94% yield was regio-and stereoselectively achieved when using 3 equivs of isoprene at room temperature (eq 2). The four methylene protons adjacent to the borons exhibited one doublet at 1.59 ppm (J = 6.1 Hz) indicating the symmetrical structure derived from the head-to-head dimerization. An NOE (7.0%) between the vinylic protons and internal allylic methylene protons at 2.06 ppm revealed the (E,E) configuration. readily isomerizes to the thermally more stable anti-6,12 but the reductive elimination (6 to 3), which has been often regarded as the rate determining step, can be reasonably faster than that of syn-anti isomerization. However, the mechanism for the dimerization-diboration reaction shown in eq 2 remains controversial. Tsuji has recently proposed a sequence of dimerization of dienes within a palladium coordination sphere followed by addition of a disilane for the mechanism of the palladium(0)-catalyzed addition of disilanes to 1,3-dienes,13 but an another quite possible process proceeding through the insertion of diene to the B-Pt or the C-Pt bond in 6 can not be disregarded because the present reaction competitively afforded a mixture of 1:1 and 1:2 adducts when using less than two equivalents of isoprene. Such dimerization via the stepwise insertion process can be well catalyzed by a platinum complex without phosphine ligand because the generation of a coordinatively unsaturated platinum(II) species allows the coordination of a diene to 6.
insert Figure 1 In conclusion, we communicated the first example of the conjugated addition of tetrakis(alkoxo)diboron to 1,3-dienes, which was efficiently catalyzed by platinum (0) complex to regio-and stereoselectively provide synthetically useful allylic boron compounds. Details of the mechanism, the reaction scope including the diboration of other dienes such as allenes, and the synthetic application are under current investigation.
Footnotes
The synthesis of 3b: To Pt(PPh3)4 (0.03 mmol) and 1 (1.0 mmol) were successively added toluene (6 ml) and isoprene (1. 
